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EFFECT OF S PR INC AND GRAVITY MOMENTS IN THE ' 
CONTROL SYSTEM ON THE LONGITUDINAL STABILITY 
' OF THE BREWSTER XSBA-1 AIRPLANE 
By William H-. Phillips 

SUMMARY 



Calculations have been made to determine the effects 
of spring and gravity moments in the control system on the 
longitudinal-stability characteristics of tne Brev/ster 
XSBA-1 airpla/ne, and the commuted results have "been veri- 
fied by flight tests. 

It has been found that the type of stick-force vari- 
ation With airspeed in a given flight condition may be 
changed within wide limits by use of weight :r spring mo- 
ments in the control system and that the stick' force's re- 
quired in maneuvers may be -reduced by the use of weight 
moments. By the use of weight and spring' moments in com- 
bination, both of these factors may be adjusted independ- 
ently. Flight tests on the Brewster XSBA-1' airplane 
showed, however, that the maneuvering forces' could not b e- 
reduced below a certain point without encountering an- un- 
stable condition in which the airplane diverged from 
straight flight into a dive with controls., free. 

The use /of a weight- moment large enough to increase 
appreciably the moment of inertia of a control system was 
considered by the pilot to be undesirable. 



INTRODUCTION 



At the request of the Bureau -of Aeronautics, Navy 
Department, a n ^ i nv e s t i ga t i on has been made by the NACa 
at the Langiey Memor ial Aeronautical Laboratory to de- 
termine theoretically the effects of spring and^gravity 
moments, used singly or in combination, on longitudinal- 
stability characteristics of the Brewster XSBA-1 a ir plane 
and to correlate the theoretical results with the results 
of flight measurements. 
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CaLCULATSE EFFECTS OF SPRirO AND GRAVITY MOMENTS 

The longitudinal stability of an airplane under vary- 
ing conditions of power cannot "be computed accurately but 
must be determined experimentally. If the stability char- 
acteristics are known, however, the changes caused by the 
addition of spring or weight moments to the control system 
can be readily calculated. . - 

It is • n-ecessary to know the variation of elevator 
angle, elevator force , inclination cf t h e t hr us t : axi s ,• 
and f crca par degree trim— tab change with airspeed. From 
these, cnaract er is t ic'-s , the variation -of. .stick force with 
airspeed that will occur with any arrangement of -weight 
and spring mome.nts in the 'sys.tem may be -f-ound; It is 
necessary only t.o calculate the force increment contrib- 
uted by weight or spring at corresponding values- of ele- 
vator . an.gle £,nd attitude of the thrust axis and to add 
this increment to the original value, of force for the same 
conditions of speed, power, and trie-tab setting. A new 
curve of stick force against airspeed can then be plotted 
for the modified control system.. The variation of stick 
force with airspeed for any other trim-tab setting may be 
obtained by adding to the values obtained from this modi- 
fied force curve the stick force caused by the change' in 
trim-ta.b setting. The following special cases are of in- 
ter es t . - • • . • ' • 

§$£AiyE^ • a- spring giv- 

ing approximately constant hinge' moment may be attached 
to some part ..of the control system. If linear change of 
tail-lift, coefficient with' hln'ge-'.oment . c oef f ic ie.nt . is 
assumed, a constant amount of lift will be added to the 
force on the tail at any airspeed, thus giving a fixed 
moment about the center of gravity. The effect of this 
moment on the forces required for trim of the airplane 
will be about the same as the effect if the center of 
gravity of the airplane were shifted by a weight giving 
the same moment. The variation of stick force with speed 
in steady flight is therefore affected by a constant- 
tension spring in the same way that it is affected by a^ 
shift in the cent er-of -gravity position. A spring tending 
to depress the elevator causes an increase in the slope 
of the curve of stick force against airspeed as does & 
more forward location of the center of gravity. 



In cases 



in which the variation of elevator-lift 
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coefficient with hinge-moment coefficient is nonlinear, 
the use of a constant-tension s pr ing w i 1 1 n o t , oi . 
have exactly the same effect as a shift of the center of 
gravity . - ■ . 

3d The use of a constant-moment spring, does not affect 

*i the characteristics of the airplane in accelerated maneu- 

* vers, because the force that it applies to the c on ^cl 

system is unaffected by normal acceleration.^ if, t-nere 
fore, an airplane had satisfactory characteristics in 
maneuvers hut had an unstable variation of stick force 

B ,eed in steady flight, its stability characteristics 
could he improved by the use of a constant-moment spring 
tending to depress the elevator. , . 

Constant v;e i ght_mome nt .- A constant we ight moment on 
the contr"oT~sv7tem may- be approximated, by attaching a 
weight to the elevator or to an arm extending horizontally 
ahefd of or behind some hinge line in the system. Actual- 
l7 the weight moment can never be exactly constant be- 
iJil the .mfment arm changes slightly 

and inclination of the airplane The eff ect of th is m o 
ment on the -.stick forces in steady flight will oe simix 
to the effect of the constant-tension spring discussed 
pr e v i ous ly . 

In maneuvers-, however, the we ignt moment is changed 
by the acceleration of the airplane. if linear hinge- 
moment characteristics of the el eva t or • ar e ass umed , it 
may be shown that the stick force required to make a 
highly accelerated maneuver in an ^^"J^JS^JSi P*J 
early with the normal acceleration and that the force per 
g acceleration. is independent of the speed, provided the 
firplane is, t r immed for stead; .flight a t t , .pa d at 
which the maneuver is made. LiKewise zne v*v 
by a weight, attached to the system varies Ji^rly with 
the. normal acceleration. ' A weight moment hat tends to 
raise the elevators may therefore be used to lighten tne 
maneuvering forces. 

The elevator-f orce characteristics of the airplane 
may he seen to be affected by the use of a weight moment 
M same way as by a change in c ent er-of -grav i t y lo- 
cation, both, in stead., flight and ^f. 
. vers. The effect, of a weight moment ° light 
feet of a center-of-gravlty cr.ar.ge only ; n unsteady 
conditions, in which the momenf of inertia ot t.e 
svstem causes a lag in' the motion of tne control. 
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Comhinat ioa weight and spring ,- If a weight moment 
applied to lighten the elevator force is offset "by a spring 
exerting an „pposite moment of equal magnitude, the net 
moment acting on the elevator in straight flight will be 
tne same as if m weight and spring were present. In ma- 
neuvers, however, the effect of the weight moment 'will be 
proportional to the normal acceleration; whereas the. spring 
moment will remain constant. This condition suggests the 
possibility of combining spring and -weight moments to re- 
duce maneuvering forces without altering the static 8 tabil- 



i t y 



It is obvious that many more arrangements of weights 
and springs may be used to obtain some desired effect in 
any particular case. For example, the use of a weight be- 
low the hinge line of the control stick may be effective 
in increasing the stability of the airplane in the climb- 
ing conditions of flight but will not- affect the stability 
with power off. This type of weight moment may also af- 
fect the aileron forces when the airplane is subjected to 
lateral or rolling accelerations. Any general con.clusions 
regarding arrangements of this kind cannot be made, how- 
ever, because their effects depend on the characteristics 
of the airplane on which they are used. ': . > » 

Although any desired variation of stick force with 
airspeed may be obtained by-use cf the correct weight and 
spring combination', it must be remembered that a stable 
variation cf stick force wit h airspeed : is' not the only 
r ea u.ir emen-t for satisfactory handling characteristics of 
an.~airp.lane .. Provision fora definitely stable variation 
of elevator angle with airspeed has been found necessary 
in order that the pilot may make rapidly accelerated turns 
without stalling or. reaching excessive accelerations.- The 
var iat ion cf elevator angle' with airspeed is not affected 
by adding, weight or spring moments to the control system^ 
but must be adjusted by using "the correct cent er-.of -gravity 
location and sufficiently large tail' 1 surfaces. 

TEST RESULT? A^D DISCUSS ION < 

In-order to verify the calculated effects, of weight 
and spring moments, flight tests werp made on the Brewster 
■XS3A-1 airplane '(figs. 1, 2, 3, 4). A description of the 
airplane is. given in the appendix. The variation of ele- 
vator angle with position of the top cf tne control stick 
is shown in figure 5. In order to obta.in the desired in- 
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formation, simultaneous measurements were made of the air- 
speed, elevator force, elevator angle, and linear accel- 
erations. The- control-position recorder was attached to 
the control cables near the rear cockpit, hut the measure- 
ments were corrected for cable stretch to give the true 
e leva tor angles. • 

Measurements of the longitudinal stability -of the 
Brewster XSBA-1 airplane were made with the combinations 
of spring and weight moments shown in figure 6 for the 
following conditions of flight: 



Condit ion 1 

.• • ■" . . •' 


Manifold! 
pr e s sur e 
(in. Hg) 


Altitude 
(ft) 


Engine j 
speed 1 

(rpm) 




Flap 


Gear 


51 id ing 


Thr ot t le 
closed 






Up 


• Up 






Cruis ing 


25 


6000 


1800 


Up 


Up 


C 1 imb ing 


32 


6000 


1800 


Up 


Up 



Figures '7, 8, and 9 show the variation of elevator^ 
angle, elevator force, and i nc 1 i nat i on . of the thrust axis 
with indicated airspeed for the original airplane m the 
three conditions of flight listed. Figure 1C shows the 
experimentally determined change in stick force per degree 
change in elevator trim-tab angle for the same conditions. 

These curves were used as a basis for calculating 
the stick-force variation with airspeed for the various 
arrangements of springs and weights that were tried Be- 
cause the airplane had a high degree of static, stability 
in each of these conditions, it was considered unnecessary 
to use any arrangement that would increase t he: s tab 1 1 1 1 y . 
Instead, provision was made for attaching a weight that 
tended- to raise the elevator. This weight .was -expected 
to reduce the stability of the stick-force variation with 
airsneed and to have the desirable effect of reducing the 
maneuvering forces. Figure 6 shows how the weight was 
attached to the control-stick socket in the rear cockpit. 
Four series of runs were made, three with the weight in 
different, positions to provide different weight moments 
and the fourth with the maximum weight moment ■ exact ly 
offset by a spring. The magnitude of the weight moments 
as measured by the stick force required to balance them 
is given in figure 6. 
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Figures 7 to 9 and 11 to 16 show the calculated and 
experimentally determined stick-force curves for the three 
sets of runs in which the weight moment alone was used, 
and figures 17 to 19 show these curves for the weight and 
spring combination. In each figure, a curve showing the 
variation of stick force with airspeed for the original 
air-olane trimmed at the same speed is included for corn- 
par is on . 

The accuracy of the experimental force curves is 
limited by the friction in the elevator system, which 
amounts to ±3 pounds. The trim-tab settings shown "by the 
indicator in the cockpit may be in error by ±1° because of 
backlash in the tab. system. The experimental and the com- 
puted force curves are seen to be in agreement within 
these limits of accuracy, with the exception that two. of 
the runs in the gliding condition show larger discrepan- 
cies. The reason for these differences is not known, but 
the measurements appear to be in error for these particu- 
lar tests. 

In order to determine the reduction of stick force 
in maneuvers caused by the weight moments, records were 
taken of rapid 180° turns at various speeds. Elevator 
force and normal acceleration were read from the records 
at representative points. Curves of force against normal 
acceleration are shown in figure 20 for the original air- 
plane and for three of the weight arrangements. 

There is - considerable scatter (; in the measurements 
because, as the stall is approached, the stick force in- 
creases, rapidly both in turns and in normal flight. This 
tendency is shown in all the static stability measurements 
(f Igr. 7 to 9 and 11 to 19; and is ascribed to separation 
of the flow at the wing root at high lift coefficients. 
This flow separation decreases the downwash at the tail 
and necessitates the use of large upward deflection of the 
eleva.tor. Even below the stall the stick force is probably 
increased at high elevator angles because of nonlinear 
hinge-moment characteristics of the elevator. Turns made 
at high lift coefficients will therefore require a greater 
force -oer g than those made at low lift coefficients. 

»' The scatter of the "e xter ime n tal points makes it im- 
possible to assign a definite share to the curve of stick- 
force variation with normal acceleration. Tneret ically , 
this curve should start from an elevator force of zero at 
1 g and should approach asymptotically a straight ^ 1 me 
through the origin at high accelerations. Only this 
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straight line has been drawn in the. figure. The slope of 
this line shows the force ?•* g acceleration required 
in maneuvers . • 

The original airnlane required a force of about 23 
pounds per g. The weight moment of case 1, which gave a 
force of 7 pounds on the stick, reduced the maneuvering 
forces to about 19 pounds per g, and that of _ case 6 - . 
£ which gave 14.5 pounds on the stick, reduced tnem to about 

^ 13 p-ounds ,er g. The reduction is not quite so grea as 

i would he predicted by simply subtracting the static weight 

moment from the original 23 pounds per g because_the _ 
pilot more frequently made turns at high lift coefficients 
in the region of increased maneuvering forces when the 
stick'forces required to reach these lift coefficients 
were reduced. 

The fourth arrangement, consisting of the maximum 
weight moment offset by a spring, gave tne same »" e ^"" 
in* forces as the maximum weight moment without the spring. 
This similarity would be expected because the spring has 
no additional effect in accelerated. maneuvers . 

The experimental results all indicate essential • 
agreement with the predicted results. Several character- 
istics of the airplane were noticed in the course of the 
Jests however, that affect its. handling characteristics 
hut that are not apparent from measurements of S;^ 1 ^ 
stability or steady turns. In the first place, the pilot 
regarded the large inertia of the control system, when 

f^ed with weights, as definitely undes irahle because - - 
the control stick was difficult to move rapidly and be 
cause it tended to overshoot when suddenly deflected. 

Another undesirable characteristic -noted by the _ . 
pilot was a rapid divergence into the path of an cuts de 
loop- when the stick was pushed forward gently moment 
T?.is divergence occurred, with the maximum^weight moment , 
either with or without the springs. In order t o stu dy 
this type of divergence, records were taken of J^f 1 *™- 
nal oscillations started by increasing ^e sp e 5 b 
per hour and r e 1 ea s i ng t he s t i ck . .1 x gur e 2 hows a t 



history of such an oscillation. The amplit ^e of t he 
oscillation is seen to increase slowly for seve a cy 
?h C en, when a certain acceleration has been reached he 



Then wnen a ceri/ctm a ^^^w - v.... _ T _ _ • - 

weight moment causes the stick to move forward, putting 
the airplane into a diving attitude. 

Such a divergence might be caused by a condition of 
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s tatuc ins tab 'i lity : that is, a positive slcpe of the curve 
of stick force against airspeed. The curves of figure 17, 
however, show that the stick—force sl^pe for. this condition 
is definitely stable. The only other way that this diver- 
gence can .occur is to have the weight moment .on the eleva- 
tor .greater than the moment required per g normal accel- 
eration., in accelerated ' maneuvers . Pe cause, in accelerated 
turns it was found that the weight moment was only suffi- 
cient, t: reduce the stick force from 23 to 13 pounds per 
g, it at first appears that no divergence should occur. 
About 5 p..cunds less force was required, however, per g 
normal acceleration in push— -clowns, than in pull-ups for this 
airplane. This effect would increase the likelihood that 
the weight moment would be sufficient to cause a diving 
divergence. Also, it must be- remembered . that the turns 
were all made at high lift coefficients in. the range where 
the elevator force is increased because of large elevator 
deflections. Probably the .force Der , g in more gentle 
maneuvers at lew l'if t • coef.f ic fee «uts -would be smaller. The 
divergence does not oc cur ' b ef or e ; a . n or ma 1 acceleration of 
about 0.5 g has" been reached, ; The . f r ic t i on [ in the ele- 
vator system i s b e 1 i eve d . t 0 -,. or even; much motion of ' the ele- 
vator until this. value of acceleration has beer exceeded. 

The 1 o'ng-per;i ofi , : or : phugol d .., . oscillation of the air- 
plane with the we ig-ht-- mom.ent- w r ill. b.e noted to increase 
sl-.-wly with t : i;.e : .' • ■ C n the: o-ri.ginal. airplane the oscilla- 
tions- decreased slowly- with time... In general, ( it 'is be- 
lieved that weight' croment-s tending to raise the. elevator 
will t e rid ' t q .' de'erea's e tnei 's tab ility of., the phugoid' oscil— 
.•lat i^n. T'lis ieh dene;/ , however v is no t .regarded as serious 
because .the iiandling qualities '.of . an airplane are' riot 
critically affected by the characteristics of its long- 
peri od os.c illation.. 

P 4 0$ its in lirz^l ' \ * ; 1 :i ' ' Kft 0 < & [*b -< v - | > 

: "o-: ; ..T o a. lar ge ' a we i ght m'om.-en t ; t e nd i ng t„p depress the 

e le vat or- .may cause undamped, shor t— per iod oscillations. 
Thiis typ.e of instability is discu&sed i.11 reference 1. 
. Sjp^ring vacnients , hdwever , -should : ha.v : e- no r ef f o.ct on- the 
3 h or t-p,er i od oscillation 'characteristics because the 
force that the springs' exer't d.c.es- not ..depend on the ac- 
celeration of the airplane.- 

; i ti if \ "' "•' : ' : CONCLUSIONS 1 , // * '■ • 

•• 1.. The calculated effects of spring and weight mo- 
ments on longitudiria 1- stability; agreed with the results 
of flight measurements within the experimental error. 
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eight moments applied to the elevator control 
system may "be used to adjust the slope of the curve of 
stick force against airspeed and also to change the ma- 
neuvering forces within wide limits. Spring moments, 
however, change only the stick-force variation in steady 
flight;. By the use of weight and spring moments in com- 
0 filiation, these factors may be independently varied. 



^ 3. A weight moment is undesirable if it increases 

the inertia of the control system to a point where con- 
siderable effort is required on the part of the pilot to 
make rapid movements of the control stick. 

4. Too large a weight moment tending. to depress the 
elevator will cause unstable, short-period longitudinal 
oscillations. A weight moment in the direction that 
raises the elevator will decrease the stability of the 
long-period, or phugoid, oscillation. This tendency is 
not regarded as serious, however . 

5. If the weight moment tending to raise the eleva- 
tor exceeds the moment required per g normal accelera- 
tion in maneuvers, the airplane will perform a rapid di- 
vergence with the controls released. Because of nonlinear 
hinge-moment characteristics of the elevator, this diver- 
gence may occur from straight flight even though at the 
high elevator angles required in accelerated turns the 
weight moment is not great enough to r e due e t he • maneuver- 
ing forces to zero. 

6. Spring moments are not expected to have any effect 
on the short-pericd oscillation characteristics of the 

a ir plane . 



Langley Memorial Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va . 
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APPENDIX 

DESCRIPTION OF THE BREWSTER XSEA-l AIRPLANE 

The XSBA— 1 airplane is a twc— place, single-engine , 
midving, cantilever monoplane v/ith retractable landing 
gear. For 'the investigations described in this report, 
the cut-outs in the flap were sealed to give a conven- 
tional partial-span split flap (figs. 1, 2, 3, 4). The 
general specif ications of the airplane fellow: 

Name and type . . _ Brewster XSBA-1 

Engine . ; ; ' . V 7 . '. '\ " .' . . ■ . Wright 'Cyclone R— 182 0—3 8 

Rat ing: 

Take-off . . . , 950 hp at; 2200 .rpra and 41.0 in. Hg 

manifold pressure 

Maximum continuous (sea-level) .... 850 hp at 2100 

rpm and 35.7 in. Kg manifold pressure 
Cruising 600 hp at 1900 rpm and 30 in. Hg 

man if old pr es sure 
i 

G-ear ratio (ungeared) 1:1 

Propeller Hamilton-Standard constant speed 

Diameter 9 ft 

Number of "blades 3 

Fuel capacity 136 gal 

Oil capacity 10 gal 

Weight (empty) 3620 lb 

Normal gross weight (Scout) 5276 lb 

Wing loading (normal gross weight) . . . 20.4 lb/sq. ft 



11 



Power loading (normal gross weight). ...... 6.6 lb/hp 

Over-all height ( thrus-t-axis level) .... 13 ft 2^ in. 

Over-all height (3-point position, to 



\ - , , 9 ft 1! in, 
r ope 1 ler t ips ) ~ 

Vii '1^^ 27 ft ilk in. 

Over— all len-gth « 

Wing : 

. ... 39 ft 0 in. 
Span . • ■ ■ 

A r ea (including ailerons -and .29^ sti ft 

r> i \ . .. 258 sq ft 

• 'fuselage J . . • • • • • • • • *• 

Airfoil section; ..... . NaCA CYH tapered 18 percent 

to 11, S percent thick 

5 . 9 

Asp ect • ratio • . • •• • • • • - • • • ■ • 

Mean aerodynamic chord 83.3 m. 

Distance behind leading edge of wing at root . 2.39 in. 

Taper ratio ■ 

Dihedral-, leading edge- of center section to 

. - 4 5° 

leading- edge of- outer- pan^l 

t M • • ...... .0° 

incidence . . . - » ■• 

v -I r 0 

Sweepback -(leading edge of wing) . , 

W i ng flaps : 

• • *• 20.4 sq ft 
.... 67 



j± r ea 

Maximum de flection 



Ailerons : 

7 ft 2 in. 

Length 

Area, behind hinge line (each) 9 - 7 sq - ft 

Trim-tab area, behind hinge line (each). . 0.63 sq. ft 
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Fin area (ab.ove fuselage, ahead of hinge line., . 

. .• : not including balance area) .......... . 12.1 sq ft 

Rudder : 

Vertical .span (frrm center line of 

fuselage ) , . f . . . . . . 6 f t 6 \ i n . 

Area (behind hinge line and including horn- 
balance area) . . . . . 13.9 sq ft 

Her n— b a lance area.. % ... . . . . , ...... : 1.5 so ft 

Trim— tab area . . . . . . . . . t None 

Stabiliser area • (ahead of hinge line, not .. 
including horn— balance area but including 

contained fuselage^ area) , „ 3 C . 6 . so ft 

1 1 e va t or : . ,. e . 

■ -Span . ... ., . .. . . : : . ........ . . 14 ft 10 in. 

: -• t Area (behind hinge line, including horn— 

balance area). .... . ,, .• . .. v .. ...... . . v 30. 6 sq ft 

, Tr irn-tat area m . . ( . .. . . . .. . ... . ....... .1.7 sq ft 

'Distance from elevator and rudder hinge lines. 
, ' to leading edge of wing ... . . t ... .. ..^ ... 1.8. ft. 11- in. 

Ilaximum fuselage cross-sectional area 

(a.t, cowling) . . . . . . . . v 18.. 3. sq ft 

REflHENCS 

1. Jones, Robert T., and Cohen, Doris: ' A'n 'Analysis of the 

l " .Stability of an Airplane with.Free Contr.ols. . F*ep. 
No. 703, NAOA , ' 1941. 




Figure 3.— Side-view of Brewster XSBA-1 airplane. 
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Figu.ro 5.- Variation of elevator angle with position of 

the top of the control stick in front cockpit, 
Brows ter XSBA-1 airplane. 
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figure 6. - Arrangements of weights and springs tested in 
Brewster XS3A-1 airplane. 
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Figure 7.- Variation of elevator angle, Figure 8.- Variation of elevator angle, Figure 9.- Variation of elevator angle, 
stick force, and inclination stick force, and inclination stick force, and inclination 

of thrust axis with indicated airspeed of thrust axis with indicated airsoeed of thrust axis with indicated airspeed 

in the cruising condition, Brewster in the climbing condition, 3rewster in the gliding condition, Brewster 
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Figure 10.- Variation of ptick force per degree trim-tab change 
^ ' with indicated airspeed. Brewster XS3A-1 airplane. 
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Figure 11.- Variation of stick force with indicated airspeed in 

the cruising condition for ca?e 2, weight moment 
equal? 9 pound- on stick. Brewster XSBA-1 airplane. 
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Figure 12.- Variation of stick force with indicated airspeed in 

the climbing condition for case 2, weight moment 
eouals 9 oounds on stick. Brewster XS3A-1 airplane. 
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Figure 12.- Variation of stick force with indicated airspeed in 

the gliding condition for case 2, weight moment 
equals 9 pounds on stick. Brewster XSBA-1 airplane. 
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Figure 14.- Variation of stick force with indicated airspeed in 

the cruising condition for c^se 3, weight moment 
equals 14.5 pour 



on stick. Brewster XSBA-1 airplane. 
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Figure 15.- Variation of stick force with indicated airsoeed in the 
plimbing condition for ca^e 5, weight moment equals 
stick. Brewster XS3A-1 airplane. 
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Figure 16.- Variation of *tick force with indicated airsneed in 

the gliding condition for ca^e ?, weight moment 
equals 14.5 pounds on stick. Brewster XSBA-1 airplane. 
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i ure 1?.- Variation of stick force with indicated airspeed in 
the cruising condition for case 4, maximum weight 
moment offset by spring. Brewster XSBA-1 airplane. . 
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Figure 18.- Variation of stick force with indicated airspeed 

the clirr.bing condition for case 4, maximum weigh 

moment offset by spring. Brewster XS3A-1 airplane. 

40r 



30 
! 20 



i 



to 



0 



% 10 



20 



60 

















7" 


i i i 

rim -fab set tin 

\ (deg) | 
ntol 1.3 fail t 


ft 








\ 








oer 
vpu 


imei 
fed 


iea\> 


y— 












-Co/ 




0. 


7 n 


ose 






\ 






























\- 






























IS 






























































X 






























N 


s 


$ 






















































































-iV 
































X- 



80 



100 120 140 160 180 £00 
indicated airspeed, mph 



Figure 19.- Variation of stick force with indicated airspeed 
the gliding condition for case 4, maximum weight 
moment offset by spring. Brewster XSBA-1 airplane. 
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Figure 20.- Variation of elevator 

force with normal 
acceleration in 180° turns made at 
various speeds; Brewster XSBA-1 
airplane in original condition and 
with three arrangements of weights 
and springs. 
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Figure 21.- Time history of long-period or phugoid longitudinal 

oscillation of Brewster XS3A-1 airplane with free controls 
for case 4 (maximum weight moment offset by spring). Divergence into 
dive at end of record is stopped by pilot resuming control. 
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